Introduction
Stigma and discrimination (SAD) related to HIV compromise access and adherence to treatment and support programs among people living with HIV (PLHIV). The ambitious goal of ending the epidemic of HIV by 2030 set by the United Nations Joint Program of HIV/AIDS (UNAIDS) will thus only be achieved if HIV-related stigma and discrimination are reduced. The objective of this review was to locate, appraise and describe international literature reporting on interventions that addressed HIV-related SAD in healthcare settings.
Methods
The databases searched were: Cumulative Index to Nursing and Allied Health (CINAHL), Excerpta Medica Database from Elsevier (EMBASE), PubMed and Psychological Information (PsycINFO) database. Two individuals independently appraised the quality of the papers using appraisal instruments from the Joanna Briggs Institute (JBI). Data were extracted from papers included in the review using the standardized data extraction tool from JBI. Quality of evidence for major outcomes was assessed using Grading of Recommendations, Assessment, Development and Evaluation (GRADE).
Results
We retained 14 records reporting on eight studies. Five categories of SAD reduction (information-based, skills building, structural, contact-based and biomedical interventions) were identified. Training popular opinion leaders (POLs) resulted in significantly lower mean avoidance intent scores (MD = -1.87 [95% CI -2.05 to -1.69]), mean prejudicial attitude scores (MD = -3.77 [95% CI -5.4 to -2.09]) and significantly higher scores in mean compliance to universal precaution (MD = 1. 65 
Introduction
In the last three decades, the HIV/AIDS epidemic has been one of the most challenging public health problems in the world [1] . Out of the 36.9 million people living with HIV (PLHIV) globally in 2017, only 75% of them knew their HIV positive status. Out of these, only 21.7 million were accessing HIV treatment in 2017 [2] . Currently, there is a global commitment to end the HIV/AIDS epidemic by 2030 [3] . As a roadmap to end the epidemic (as a public health threat) by the year 2030, the United Nations Joint Program of HIV/AIDS (UNAIDS) has set ambitious targets to be achieved by 2020. These targets include making sure 90% of all PLHIV know their sero-status, 90% of those who know their sero-status are receiving treatment, and 90% of PLHIV on treatment having suppressed viral loads [4] . If these targets are to be achieved, the stumbling blocks of stigma and discrimination (SAD) need to be addressed [4, 5] . Although healthcare workers (HCWs) are expected to be a source of comfort, support, and encouragement, it has been documented that they also sometimes stigmatize PLHIV [6, 7] . In healthcare settings, SAD are often manifested in the form of negligence, breaches of confidentiality, gossip, excessive or differential precautions, poor support, delay or denial of treatment, differential treatment, and unnecessary referrals based on the patient's sero-status [6, 8] . Therefore, some PLHIV are not getting the needed support because of either low healthcare seeking behavior due to fear of stigma, or because of negligence by HCWs [9, 10] . Consequently, HIV-related SAD compromise access to treatment and support programs among PLHIV [10] [11] [12] [13] . Stigma and discrimination are also associated with poor physical and mental health outcomes [12, 14, 15] , low social support, and reduced income for HIV positive people [15] . As a result, SAD have been contributing to the continued transmission of HIV and its negative impacts [3, 16] .
Although there are reviews that addressed interventions targeting HIV-related SAD [17] [18] [19] , some of them did not report the findings specifically within different population subgroups (healthcare workers, PLHIV, community members, etc.) and settings (community, healthcare settings, schools, etc.) [17, 18] . The effectiveness of these interventions might have been affected by contextual factors such as the setting (whether the setting is in a healthcare institution or in the community), the policy environment, and other enabling factors present in that setting. These factors were not specified by previous reviews [20, 21] . Though SAD in healthcare settings are presumed to be similar across geographical bounderies, the manifestations of stigma in healthcare settings differs from other contexts, such as schools, community and faith based organizations [7, [22] [23] [24] .
In healthcare settings, both structural and individual-level factors fuel HIV-related SAD. Individual-level factors that affect the practice of HCWs include fear of casual transmission, and limited knowledge of what stigma is and its negative consequences [7] . Structural factors include shortage of protective equipment, the absence of a redressal system for managing SAD by HCWs, and the asbsence of a supportive policy or presence of a discriminatory policy environment in the healthcare facility [7, 17] . Stigmatizing interactions are also often not recognized by healthcare providers as being stigmatizing [8] . For instance, visibly marking the files of PLHIV is taken as an appropriate practice by some HCWs [8] . The above factors should be addressed through skills building and structural interventions such as availing supplies for standard precautions and establishing non-discrminatory policies and regulations in healthcare facilities [7] . Evidence on the effectiveness and the details of these interventions should be assessed and pooled [21, 25] . Through a preliminary search in PubMed, Cumulative Index to Nursing and Allied Health (CINAHL), Excerpta Medica Database from Elsevier (EMBASE) and Cochrane Library, we found no systematic review addressing stigma and discrimination reduction interventions specific to healthcare settings or HCWs published within the last three years. Therefore, the aim of this review was to identify, appraise and analyze findings of studies reporting on interventions aimed to reduce HIV-related stigma and discrimination among HCWs in healthcare facilities.
Review questions/objectives
This review sought to locate, appraise and describe international literature reporting on interventions that addressed HIV-related stigma and discrimination among healthcare workers and in healthcare institutions.
Specifically, the review aimed to:
• Identify, appraise and describe studies containing interventions to reduce HIV-related SAD by HCWs.
• Identify, appraise and describe studies that report on institutional-level interventions to reduce HIV-related SAD.
Methods and participants
This systematic review was prepared using PRISMA reporting guidelines (S1 Table) for systematic reviews [26] . The review was conducted in accordance with the Joanna Briggs Institute methodology for systematic reviews of effectiveness evidence [27] and an a-priori protocol registered in PROSPERO 2017 CRD42017071799 (available from http://www.crd.york.ac.uk/ PROSPERO/display_record.php?ID=CRD42017071799). During the conduct of the review, we considered the following inclusion criteria.
Population
This review considered interventions addressing HCWs in healthcare institutions (clinics, health centers, and hospitals). The current review was limited to the context of healthcare institutions; it did not include interventions that were aimed to address SAD in any other locations. We aimed to include not only interventions addressing knowledge gaps of healthcare workers, but also institutional factors contributing to stigma. Some studies that addressed interventions for students, were either a mixture of medical and non-medical students (medical, paramedical and non-health related fields), had only a short-term follow up, or did not address contextual factors within healthcare institutions, such as institutional policies and guidelines, and the presence of materials and supplies [28] [29] [30] . Moreover, the level of training of students in the health sciences discipline is not uniform in the studies conducted so far [28] [29] [30] . Additionally, HIV services are so sensitive; they most often are handled by permanent staff rather than students, who participate in service only temporarily. Taking these factors into account, we considered only in-service healthcare professionals (those professionals engaged in care provision after graduation) for inclusion.
Interventions
Interventions that addressed HIV-related SAD by health workers were considered. These included, but were not limited to the following:
• Information-based approaches including both written and verbal information to increase the understanding of HIV and stigma, provided in the form of leaflets and brochures or through other methods.
• Skills building approach, such as demonstrations and role-plays.
• Structural approaches, such as availing supplies for standard precautions, revision and development of standard operating procedures, polices and regulations, and putting a system in place for addressing grievances.
• Contact strategies, such as testimonials of PLHIV and activities that encourage interaction between HCWs and PLHIV [17, 18] .
• Biomedical interventions, such as universal access to care and treatment or expansion of HIV counseling and testing (HCT) [17] .
• Counseling and support interventions to help cope with HIV-related stigma and discrimination, specifically secondary stigma (stigma that they may face because of their association with PLHIV) [17] . Studies indicate that HCWs themselves face secondary stigma as a result of their association with PLHIV [31, 32] . It was also shown that HCWs living with HIV faced perceived or actual SAD from colleagues or the community [31] .
Comparators
The comparators considered were baseline (before intervention), no intervention, usual care and one or more of the above components compared to one another.
Outcomes
The primary outcomes considered for inclusion were HIV-related stigma and discrimination by HCWs in healthcare institutions. Forms of stigma included fear-based stigma, value-based stigma, enacted stigma, internalized stigma, or stigma in other forms. Internalized stigma is defined as the acceptance or internalization of shame, blame, hopelessness, guilt, and fear of discrimination associated with being HIV-positive [33] . HIV-related SAD can be categorized into four domains: drivers, facilitators, manifestations, and intersecting stigma [17] . Drivers are individual level factors that influence the occurrence of stigma. These include lack of adequate knowledge, fear of infection, or prejudicial attitude towards PLHIV or key population groups [17] . Facilitators are organizational or societal level factors that influence stigma. These may include the presence or absence of protective or punitive laws, redress systems, or support systems [17] . Manifestations are the immediate consequences of stigma such as discrimination (experiencing stigma), anticipated stigma, or perceived stigma [34] . Layered or intersecting stigma is the co-occurrence of stigma related to HIV status, gender, profession, poverty or sexual orientation [17] . Studies that used single or separate items and that did not create composite scales of measurement for attitudinal items of stigma were excluded from the review. The secondary outcomes considered were PLHIV-specific extra-precaution (excessive use of precautions or over-use protective barriers selectively when handling PLHIV) and adherence to universal precautions). We considered both dichotomous measures and continuous scale measures for this outcome.
Context
This review considered all studies conducted worldwide in healthcare settings (hospitals, clinics or health centers).
Types of studies
This review considered all studies with comparative designs, such as randomized controlled trials (RCTs), quasi-experimental studies and, before and after studies.
Search strategy
The search strategy aimed to find both published and unpublished studies reported in English. A three-step search strategy was utilized in this review. An initial limited search of Cumulative Index to Nursing and Allied Health (CINAHL) and PubMed was undertaken, followed by an examination of the text words contained in the title and abstract, and of the index terms used to describe the article. A second search using all identified keywords and index terms was then undertaken across all included databases. Thirdly, the reference list of all identified reports and articles was searched for additional studies.
Both published and unpublished papers reported in the English were searched with no restriction to age of the participants, country and date of publication. The databases searched were: CINAHL, Excerpta Medica Database from Elsevier (EMBASE), PubMed and Psychological information (PsycINFO) database. The search for unpublished studies included: HIVinSite, AIDSinfo, HIV and AIDS clearinghouse, Centers for Disease Control and Prevention (CDC) HIV publications, Health Policy Project (HPP) website, United States Agency for International Development (USAID) experience clearinghouse, and United Nations Joint Program on HIV/AIDS (UNAIDS) publications. A detailed search strategy for each database is reported in S2 Table.
Study selection
Following the above search procedure, all identified citations were loaded into EndNote and duplicates were removed. Titles and abstracts were screened by two independent reviewers for assessment against the inclusion criteria for the review. The full texts of potentially eligible studies were retrieved and assessed in detail against the inclusion criteria by two independent reviewers.
Assessment of methodological quality
Two individuals (GTF and MS (non-author)) independently appraised the quality of the eligible studies prior to inclusion in the review using appraisal instruments from the Joanna Briggs Institute (JBI) for experimental, quasi-experimental studies, and other comparative study designs [35, 36] (S1 Document). After appraisal, studies that did not meet the methodological criteria were excluded and reasons for their exclusion are provided in S2 Document. All disagreements that arose between the reviewers were resolved through discussion, and there was no requirement for a third reviewer.
Data extraction and syntheses
Quantitative data were extracted from papers included in the review using the standardized data extraction tool from the JBI (S3 Document) [37] . Relevant information such as population characteristics, publication year, authors, intervention type and summary of the findings were extracted. Where necessary, primary authors were asked to provide additional information on the articles. Details of data from primary studies with limited data or with limited follow up were checked through request to the authors and through checking subsequent publications from the same project, based on cross-checking the linked publications from the registries of trials (if trial registry number existed). For instance, Li et al. 2013 [38] published another article from the same project in 2015 [39] .
Effect measures reported in the form of mean difference and standard deviation (for continous variables) and relative risk, odds ratio and their confidence intervals (for dichotomous variables) were extracted and reported. Since the studies were methodologically or clinically heterogeneous, statistical pooling was not possible; hence, the findings are presented in narrative form. The quality of evidence for major outcomes reported in each study was assessed using a software package developed by the Grading of Recommendations, Assessment, Development and Evaluation (GRADE) [40] working group.
Results
The search yielded a total of 2,927 records. After removing, duplicates, 2,856 documents were retained for further examination. After screening the titles and abstracts, 167 records were retained for full text examination. Based on pre-defined inclusion criteria, 30 records were included for critical appraisal. Finally, 14 records reporting on eight studies were retained ( Fig  1) . Sixteen studies [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] were excluded based on reason. Almost all studies excluded based on reason had significant measurement bias. [39] will be used to describe the findings extracted from the study, although data were extracted from all the six articles to get complete information. In addition, another before-and-after study ( [66] ); USA (Zachary 1998 [67] ) and one study was a multi-country case study (Uys et al. 2009 [68] ). Pulewitz et al. 2015 [64] and Oahn et al. 2008 [65] both reported on the same study. For reporting purpose, hereafter, we will use Pulewitz et al. 2015 [64] . The characteristics of the included studies are shown in Table 1 .
Description of the characteristics of included studies

Methodological quality of individual studies
Six articles (Li et al. 2013a [57] ; Li et al. 2013b [58] ; Li et al. 2013c [38] ; Li et al 2014a [59] ; Li et al. 2014b [60] and Li et al. 2015 [39] ) reported on the findings of a single randomized controlled trial. None of the included articles clearly described the method of randomization and allocation concealment. Three studies (Norr et al. 2012 [62] ; Lohiniva et al. 2016 [66] and Pulewitz et al. 2015 [64] ) were non-randomized trials with control groups. Two before and after trials without control groups (Williams et al. 2006 [61] and Zachary 1998 [67] ) had post intervention data taken from the same cohort of participants as those of baseline participants. One study (Uys et al. 2009 [68] ) was a multiple-case study design reporting on the same cohort of nurses and PLHIV before and after the intervention. One before and after study without a control group (Mahendra et al. 2006 [63] ) reported on independent cross-sectional samples from the same institution. The study did not identify and control for confounding factors.
Participant blinding is not practical for such behavioral interventions. Hence, none of the studies described blinding of participants or assessors, and outcome concealment. Five of the studies (Li et [68] ) were judged to have unclear or a high risk of bias on outcome assessment, because either there was significant loss to follow up or inadequate information (Lohiniva et al. 2016 [66] and Williams et al. 2006 [61] ), or they used repeated cross-sectional samples with different samples (Mahendra et al. 2006 [63] ), or there was a considerable proportion of participants with incomplete data who were excluded from analyses (Pulewitz et al. 2015 [64] ). Overall, the included RCT (Li et al. 2015 [39] ) scored 8/13 using the scoring method for measuring the methodological qualitieas of RCTs ( Table 2) . One of the quasiexperimental studies (Norr et al. 2012 [62] ) scored 9/13. Four quasi-experimental studies studies ((Lohiniva et al. 2016 [66] ; Williams et al. 2006 [61] and Pulewitz et al. 2015 [64] ) scored 8/ 9 (Table 3 ). One repeated cross-sectional study (Mahendra et al. 2006 [63] ) scored 6/8 ( Table 4 ). The multiple case study (Uys et al. 2009 [68] ) was given a score of 8/10 ( Table 5) .
Findings of the studies
Interventions used in studies included in this review fell under five general categories: information-based interventions, structural interventions, biomedical interventions, and skills [66] ) used a combination of information-based, skills building, and contact approaches. One study (Li et al. 2015 [39] ) utilized a combination of information-based, skills building and structural approaches. One study (Williams et al. 2006 [61] ) utilized a combination of information-based and skills building approaches. The remaining two studies (Norr et al. 2012 [62] and Zachary 1998 [67] ) utilized only information-based intervention.
Since the design, duration of follow-up, and instruments used to measure the effect of the interventions were not uniform across the included studies, we could not compare one type of intervention with another, nor multiple interventions with a single intervention. We also could not pool the findings of the studies using meta-analysis. Nevertheless, we present the findings of the studies along with their respective quality of evidence. The details of the intervention and their effects are described in detail below.
Training popular opinion leaders. The study by Li et al. [39] identified and trained popular opinion leaders (POLs) through group discussions, games, and role-plays. The POLs attended a 1.5-hour weekly group training session run for four weeks and fortnightly re-union Effectiveness of stigma reduction interventions in healthcare settings: A systematic review sessions. Materials for universal precaution were supplied in both control and intervention hospitals. The authors collected data from 880 HCWs from 20 intervention hospitals (where POLs were trained) and from another 880 HCWs from 20 control hospitals. HCWs' avoidance intent was measured using a five-point Likert-scale which assessed HCWs' willingness to treat PLHIV in eight scenarios. Higher scores indicated a higher intent to avoid service provision to PLHIV. The intervention effect on avoidance intent was sustained even at 12 months follow up. At 12 months follow up, avoidance intent among HCWs in the intervention hospitals was significantly lower (mean difference (MD) = -1.87 [95% CI -2.05 to -1.69]) when compared to that of healthcare workers in control hospitals (P<0.01). Prejudicial attitude was measured using eight items rated on the five-point Likert scale, however, only effect estimate was reported. At 12 months follow up, the prejudicial attitude among healthcare workers in the intervention hospitals was significantly lower (MD = -3.77 [95% CI -5.4 to -2.09]) when compared to that of HCWs in control hospitals (P<0.01). Universal precaution (UP) compliance was measured using 13 items with responses ranging from 0 (never) to 4 (always) on a Likert scale. Higher scores indicate higher levels of adherence to UP. Universal precaution compliance was significantly higher among HCWs in the intervention group (MD = 1.65 [95% CI 1.41 to 1.89]) when compared to HCWs assigned to usual care (P<0.01) [moderate quality of evidence].
Modular interactive training and discussion. The study by Lohiniva et al. [66] assessed the effect of an interactive training and discussion intervention focusing on HIV-related stigma, infection control, and medical ethics using five modules. The intervention was complemented by interaction with PLHIV. The authors assessed the effect of the training by collecting pre-intervention and post-intervention data from the same cohort of participants. They used nine items to measure value-based stigma. Twelve items were used to measure fear-based stigma. Both scales were standardized to obtain scores ranging from 1 to 10. For both scales higher scores indicated higher levels of stigma. At the post-intervention survey, the participants from the experimental group reported significantly lower levels of value-based stigma (mean = 2.1) when compared to participants in the control group (mean = 3.8) (MD = -1.7, P<0.01, CI was not given). Similarly, fear-based stigma was significantly lower among participants in the experimental group (mean = 1.1) when compared to that of participants in the control group (mean = 3.2) (MD = -2.1, P<0.01, CI was not given) [very low quality evidence].
Professionally-assisted peer group intervention. The study by Norr et al. [62] assessed eight sessions of professionally-assisted peer group interventions. The sessions covered (a) the importance of community HIV prevention; (b) standard precautions in the healthcare setting; (c) HIV testing and treatment; (d) offering care that respects human dignity and confidentiality; (e) human sexuality, sexual transmission of HIV and other sexually transmitted infections (STIs), and HIV transmission through drug use and blood; (f) partner communication and HIV prevention;(g) counselling about HIV infection; and (h) HIV prevention to clients and families using role plays.
To assess the effect of the intervention, pre-and post-intervention measurements were made for both control and intervention groups. Public contact stigma was measured using three items on a four-point Likert scale. Since mean item scores (instead of the mean scale score) were reported, possible scores ranged from 1 to 4. Client contact stigma was measured using three items on a three-point Likert scale. Again, mean item scores were reported, so possible scores ranged from 1 to 3. For both scales, higher scores indicated a higher level of stigma. After the intervention, the level of client contact stigma among participants in the intervention group was significantly lower [MD = -0.28 (95% CI -0.37 to -0.19)] (P<0.01) [very low quality of evidence]. Similarly, public contact stigma among the intervention group was significantly lower (MD = -0.07 (95% CI -0.12 to -0.02) (P<0.01) [very low quality of evidence].
Staff training, participatory hospital policy development, provision of materials and supplies, and expansion of HCT services. Under this group of interventions, there are two subtypes of interventions reported in the studies included in this review:
a. Participatory self-guided assessment and intervention with training and the development and dissemination of policy guidelines and educational materials. The study by Mahendra et al. [63] conducted a participatory self-guided assessment and intervention with interactive training facilitated by representatives of AIDS service organizations (including PLHIV), which involved the development and dissemination of policy guidelines and educational materials, such as posters on infection control and expansion and strengthening of HIV counseling and testing (HCT) in three hospitals. The effect of the intervention was measured using an index score of stigma that could range from a minimum of 21 to a maximum of 63, a higher score indicating greater level of stigma. They assessed the effect of the intervention using repeated cross-sectional surveys. After the intervention, there was a significant decrease in stigma score from 42.79 at baseline to 38.08 after the intervention (MD = -4.72, CI not given, P<0.01) [very low quality evidence].
In addition, the probability of seeking informed consent to test for HIV was 2.14 (95% CI 1.17 to 3.91) times higher after the intervention when compared to the likelihood before the intervention (P<0.01) [very low quality evidence]. The likelihood of using gloves after the intervention was 7.81 (95% CI 3.64 to 16.76) times higher after the intervention when compared to the likelihood before the intervention (P<0.01) [very low quality evidence].
b. Staff training, participatory hospital policy development and provision of material supplies. The study by Pulewitz et al. [64] compared the effect of addressing fear-based stigma alone (arm 1) to that of addressing both fear-based stigma and social stigma (stemming from moral judgments) (arm 2) through interventions that encompassed staff training, participatory hospital policy development and provision of materials and supplies. Healthcare workers in arm 1 received interventions that addressed only fear-based stigma. The interventions included a half-day training on basic knowledge of HIV/AIDS and a one-day training on universal precaution. Healthcare workers in arm 2 received interventions that addressed both fear-based stigma and social stigma. The training for arm 2 participants encompassed basic knowledge of HIV, universal precaution and stigma. The authors reported that both interventions had significantly reduced stigma.
The authors measured fear-based stigma using four items with alternative responses ranging from 1 (no fear) to 3 (a lot of fear). Hence, the composite score ranged from 4 to 12. Social stigma was measured using five items, each having a score range of 1 to 3. The composite score ranged from 5 to 15. In both scales, higher scores indicated a higher level of stigma.
After the intervention, HCWs exposed to interventions that addressed both fear-based stigma and social stigma had significantly lower scores (MD = -0.37, 95% CI -0.54 to -0.21) of fear-based stigma when compared to those HCWs exposed to interventions that addressed only fear-based stigma (P<0.01) [Very low quality evidence]. On the other hand, there was no statistically significant difference in social stigma (MD = -0.14, 95% CI -0.43 to 0.15) between the two intervention groups [very low quality evidence].
The odds of over-using protective barriers was 46% (OR 0.54 (95% CI 0.31 to 0.91) lower among HCWs exposed to interventions addressing both fear-based and social stigma when compared to those of HCWs exposed to intervention that addressed fear-based stigma alone (P<0.01) [Very low quality evidence]. The odds of marking files of HIV positive clients was 46% (OR 0.54 (95% CI 0.29 to 1) lower among HCWs exposed to interventions addressing both fear-based and social stigma when compared to those of HCWs exposed to interventions that addressed fear-based stigma alone (P<0.01) [very low quality evidence]. The odds of putting signs on a patients bed indicating HIV status was 75% (OR 0.25 (95% CI 0.07 to 0.87)) lower among HCWs exposed to interventions addressing both fear-based and social stigma when compared to those of HCWs exposed to interventions that addressed fear-based stigma alone (P<0.01) [very low quality evidence].
Multifaceted educational programs comprising didactic lectures and activities eliciting discussions. The study by Williams et al. [61] investigated a five-day workshop for HCWs comprising didactic lectures on HIV/AIDS epidemiology, natural history, transmission routes and clinical care combined with activities that provoked discussion of participants' values and personal feelings about HIV/AIDS. To measure the effect of the intervention, both empathy and avoidance attitude scores ranged from 1 to 6. Higher scores in empathy and lower scores in avoidance attitude indicated a more desirable attitude. General attitude score was calculated by substracting the avoidance score from the empathy score. It ranged from -5 to 5. Positive general attitude scores suggested a supportive attitude, while negative scores suggested a negative attitude. The nurses' willingness questionnaire (NWQ) was used to measure the willingness of nurses to perform activities on HIV-positive patients. The questionnaire was composed of 13 items measured on an 11-point Likert scale ranging from 0 (not all willing) to 10 (extremely willing). Hence the total possible scores ranged from 0 to 130.
The intervention resulted in significant improvement in empathy (MD = 0.2 (CI not given, P<0.01); reduction in avoidance attitude (MD = -0.4, CI not given, P<0.01), improvement in general attitude towards PLHIV (MD = 0.6, CI not given, P<0.01), and willingness to care for PLHIV (MD = 13, CI not given, P<0.01) [Very low quality of evidence].
Contact strategy: Workshops bringing PLHIV and Healthcare workers together. The multi-country case study by Uys et al. [68] assessed the impact of a two-day workshop that brought PLHIV and nurses together. The authors measured self-esteem using Rosenberg's self-esteem scale, which consists of ten items rated on a four-point Likert scale. Scores could range from 10 to 40. Stigma experienced by PLHIV was measured using 33 items. It had six domains: verbal abuse, negative self-perception, healthcare neglect, social isolation, fear of contagion and workplace stigma. An HIV/AIDS stigma instrument that contained 19 items was used to measure stigmatizing attitudes among nurses. The authors reported stigma items in mean scores, but did not indicate the possible ranges for mean scores.
After the intervention, there was a significant increase in self-esteem (MD = 2.12 (95% CI 0.18 to 4.06)) (P<0.05), while there was a decrease in experience of workplace stigma [MD = -0.31 (95% CI -0.61 to -0.01)) (P<0.05), total stigma score (MD = -0.17 (95% CI -0.35 to -0.01)) (P<0.01), and negative self-perception (MD = -0.46 (95% CI -0.81 to -0.11)) (P<0.01) among PLHIV [Very low quality evidence]. On the other hand, there was no significant effect observed on PLHIV's experience of verbal abuse (P = 0.38), healthcare neglect (P = 0.24), social isolation (P = 0.51) and fear of contagion (P = 0.29). Similarly, there was no significant change in nurses' stigmatizing attitudes after the intervention (MD = 0.07 (95% CI -0.04 to 0.18)) (P = 0.37) [very low quality evidence].
Group education on homophobia and fear of death. The study by Zachary [67] used group education on AIDS phobia, homophobia and fear of death. The study measured AIDS phobia using 15 items rated on a five-point Likert scale. Hence, the score could range from 15 to 75. The intervention did not result in a significant reduction in AIDS phobia (MD = 0.03 (-3.13 to 3.19) (P = 0.94) [Very low quality evidence].
The Summary of Findings (SoF) for all outcomes extracted from all studies are presented in a single table (Table 6) .
Discussion
This systematic review attempted to locate, critically appraise, and describe the best available evidence on interventions to reduce HIV-related stigma and discrimination in healthcare 
Control
Peer education of HCWs
Public Contact stigma
Scale from: 1 to 3
The mean public contact stigma in the control groups was 1.11
The mean blame in the intervention groups was 0.07 lower (0.12 to 0.02 lower)
927
(1 study)
Client contact stigma
Scale from: 1 to 4 Follow-up: mean 12 months
The mean client contact stigma in the control groups was 1.81
The mean contact stigma in the intervention groups was 0.28 lower (0.37 lower to 0.19 lower)
927
Control
Interactive training and discussion focusing on HIV-related stigma, infection control and medical ethics and contact with PLHIV Fear-based stigma Scale from: 1 to 10 Follow-up: mean 3 months
The mean fear-based stigma in the control groups was 3.2
The mean fear-based stigma in the intervention groups was 2.1 lower (CI not given, P<0.01)
347
(1 study) �⊝⊝⊝ very low 5, 6 Value-based stigma Scale from: 1 to 10 Follow-up: mean 3 months
The mean value-based stigma in the control groups was 3.8
The mean value-based stigma in the intervention groups was 1.7 lower (CI not given, P<0.01)
(1 study) Addressing both fear-based and social stigma (stemming from moral judgments).
Addressing 'fear-based' stigma (stemming from lack of knowledge)
The mean fear-based stigma in the control groups was 5.1
The rate of change in mean fear-based stigma in the intervention groups was 0.37 lower (0.54 to 0.21 lower)
797
(1 study) �⊝⊝⊝ very low 9 (Continued ) The mean social stigma in the control groups was 7.4
The rate of change in mean social stigma in the intervention groups was 0.14 lower (0.43 lower to 0.15 higher) The mean PLHIV self-esteem in the intervention groups was 2.12 higher (0.18 to 4.06 higher)
82
(1 study) �⊝⊝⊝ very low 10, 11, 12 PLHIV Workplace stigma Scale: Not described Follow-up: mean one month
The mean PLHIV workplace stigma in the control groups was 0.46
The mean PLHIV workplace stigma in the intervention groups was 0.31 lower (0.61 to 0.01 lower)
(1 study) �⊝⊝⊝ very low 10, 11, 12 Total stigma score Scale: Not described Follow-up: mean one month
The mean total stigma score in the control groups was 0.42
The mean total stigma score in the intervention groups was 0.17 lower (0.35 lower to 0.01 higher)
(1 study) �⊝⊝⊝ very low 10.11.12,13 Negative self-perception Scale: Not described Follow-up: mean one month
The mean self-perception in the control groups was 0.82
The mean self-perception in the intervention groups was 0.46 lower (0.81 to 0.11 lower)
(1 study) �⊝⊝⊝ very low 10, 11, 12 Nurses' stigmatizing behaviour Scale: Not described Follow-up: mean one month
The mean nurses' stigmatizing behaviour in the control groups was 0.46
The mean nurses' stigmatizing behaviour in the intervention groups was 0.07 higher (0.04 lower to 0.18 higher) 86 (1 study) �⊝⊝⊝ very low 10, 11, 12 Control A 5-day workshop comprising didactic lecture Empathy Scale: from 1 to 6 Follow-up: mean 5 days
The mean empathy in the control groups was 4.1
The mean empathy in the intervention groups was 0.2 higher (CI not given, P<0.01 360 (1 study) �⊝⊝⊝ very low 14, 15 Avoidance attitude Scale: from 1 to 6 Followup: mean 5 days
The mean avoidance attitude in the control groups was 3.5
The mean avoidance attitude in the intervention groups was 0.4 lower (CI not given) P<0.01)
360
(1 study) �⊝⊝⊝ very low 14, 15 General attitude towards PLHIV Scale: from -5 to 15 Follow-up: mean 5 days
The mean general attitude towards PLHIV in the control groups was 3.5
The mean general attitude towards PLHIV in the intervention groups was 0.6 higher (CI not given, P<0.01)
(1 study) �⊝⊝⊝ very low 14, 15 Nurses' willingness to care for PLHIV Scale: from 0 to 130 Follow-up: mean 5 days
The mean nurses' willingness to care for PLHIV in the control groups was 97
The mean nurses' willingness to care for PLHIV in the intervention groups was 13 higher (CI not given, P<0.01)
(1 study) �⊝⊝⊝ very low 14, 15 (Continued ) settings among HCWs. Studies included in this review employed different measures, intervention types and durations of intervention. Hence, we could not pool the results of the primary studies using meta-analysis. Previous reviews categorized SAD reduction interventions into the following categories: information-based, structural, biomedical, counseling and support, skills building and contact [17] [18] [19] . Most studies included in this review used a combination of two or more interventions to reduce stigma and discrimination in healthcare settings. Information-based approaches used in the studies included in the current review were: a. Training popular opinion leaders through group discussions, games, and role-plays [39] .
b. Professionally-assisted peer group intervention [62] .
c. Group education on fear of death and homophobia [67] .
d. Interactive modular training and discussion focusing on HIV-related stigma, infection control, medical ethics and contact with PLHIV [66] .
e. Workshops [61, 68] , training and dissemination of policy guidelines and educational materials, such as posters on infection control [63, 64] . The hospitals were randomized into intervention and control groups. A matched-pair design was applied to optimize the randomization. However, method of the selection of the pairs was not clear. Downgraded one level for risk of bias 2 No explanation was given about blinding of allocators 3 No control group and the sample sizes at the baseline and post intervention survey are different, hence downgraded two levels for risk of bias 4 Wide and statistically non-significant confidence interval 5 One control hospital and one experimental hospital was used (conveniently selected), so downgraded one level for risk of bias 6 Groups had different scores in fear-based stigma at baseline 7 No control group 8 The hospitals were conveniently selected. A cross-sectional sample of providers was taken from the selected hospitals. (downgraded one level for risk of bias) 9 Cross-sectional nature of data collection, facility characteristics were not considered 10 No control group. The intervention sites were conveniently chosen by researchers based on accessibility and willingness to participate. (downgraded one level for risk of bias) 11 Five unique case studies were combined, which might have masked differences among the settings 12 case series 13 Wider confidence interval 14 No enough information was given on how lost participants were handled. Around 9% did not provide responses to all questions 15 No control group 16 No adequate follow up, poor intervention focus. 17 Wide confidence interval (additionally downgraded for risk of bias)
These information-based approaches were used alone [62, 67] or in combination with others. Among the combinations were: information-based approaches combined with skills building and structural approaches [39] ; information-based approaches combined with skills building and contact-based approaches [66] ; information-based approaches combined with skills building, structural, contact and biomedical approaches [64] ; information-based approaches combined with skills building, structural and contact-based approaches [68] ; and information-based with skills building approaches [61] .
Although some results reached statistical significance, because of the poor design of the studies, most of the interventions were assigned low or very low quality evidence scores after applying the GRADE approach for assessing methodological quality. Only outcomes reported in one intervention (identifying and training popular opinion leaders, in the presence of adequate supplies) was assigned a moderate quality evidence. This intervention was reported by Li et al. 2015 [39] . The study used both an information-based and structural approach to reduce SAD. The intervention employed diffusion of innovation theory to disseminate information to correct misconceptions related to PLHIV [39] . The intervention was effective in reducing avoidance intent and prejudicial attitudes and in improving compliance to universal precaution. This indicates that structural interventions (availing materials for standard precaution) alone are insufficient, which highlights the necessity of complementing structural interventions with behavioral interventions.
As reported in one study, interventions addressing fear-based stigma reduction through training on basic knowledge of HIV and universal precautions were effective in reducing both social stigma and fear-based stigma [64] . However, the study showed that the effect of the interventions that addressed both fear-based and social stigma was significantly higher in reducing fear-based stigma and extra precaution when compared to interventions addressing fear-based stigma alone [64] . This implies that behavioral interventions targeting stigma and discrimination among healthcare providers should address prejudices and social stigma that may also be part of wider cultural beliefs, in addition to addressing fear-based stigma [69] . Apart from equipping healthcare providers with knowledge and skills, it is paramount to address their emotions [70] .
The outcomes reported by all other interventions were assigned very low quality evidence. These interventions included modular interactive training and education on HIV/AIDS [66] , professionally-assisted peer group interventions [71] , participatory self-guided assessment and interventions, [63] workshops that included didactic lectures [61] , and contact-based strategies combined with information provision [68] . All of these interventions resulted in statistically significant reductions in stigma scores. However, a study that used group education on homophobia reported no significant change on AIDS phobia after the intervention [67] . While the improvements observed in most interventions were statistically significant, the design of the studies included in this review were poor. The poor quality of the evidence supporting most of the findings underscores that more rigorous studies such as RCTs are needed to make appropriate decisions for policy and practice.
This review identified five categories of stigma and discrimination reduction interventions: information-based, skills building, structural, contact and biomedical interventions. Unlike other previous reviews [17] [18] [19] , in this review we did not identify any study conducted among HCWs reporting on the impact of counseling and support approaches to SAD reduction. This may be because, unlike other population groups, HCWs were not provided counseling and support interventions to cope with secondary stigma (stigma that they may face because of their association with PLHIV).
On the other hand, previous studies indicate that HCWs themselves face secondary stigma as a result of their association with PLHIV [31, 32] . Previous studies also showed that HCWs living with HIV face perceived or actual SAD from colleagues or the community [31] . Those studies demonstrated that counseling and support interventions helped to minimize the negative psychosocial impact of HIV-related SAD on clients living with HIV and their families [19, [72] [73] [74] [75] [76] . Therefore, the role of counseling and support interventions to reduce internalized or secondary stigma among HCWs should be further investigated.
After we completed this review one meta-analysis and systematic review was published. The study indicated that stigma and discrimination reduction programs resulted in small effect sizes in the improvement of attitudes towards PLHIV [77] . Nevertheless, the subgroup analysis indicated that effect sizes were moderated by the settings in which the intervention was conducted, population type and number of intervention sessions [77] . The review had a limitation in that it was not focused enough with regard to settings, intervention type and population type. Other previous reviews on HIV-related SAD did not provide a focused summary of SAD reduction interventions for specific population groups (such as HCWs) and settings (such as health facilities) or indicate the quality and summary of the findings [17] [18] [19] . Although, we could not pool the findings of the studies in the current review because of the heterogeneity of the interventions and outcome measures, we have indicated the quality of evidence for findings reported in this review. These summarized findings may guide policy makers, practitioners and researchers to make appropriate decisions. Nevertheless, the poor quality of evidence supporting most of the findings poses a challenge, especially for practitioners and policy makers.
Most studies were excluded from this review because of poor quality of evidence, mainly related to measurement bias. Therefore, future studies need to fill these gaps. As has been recommended in previous systematic reviews [17, 18] , it is important to focus on the design of the studies, which includes paying attention to internal validities and the use of instruments to measure SAD. In addition, there was variability among the measures used in the studies included in the review. This might have been attributed to the absence of standardized measurements. Future studies may fill these gaps as efforts are being made to develop standard tools and instruments to reduce SAD and to monitor these efforts [78] . This, however, will be possible only if the researchers are aware of the recent developments in measurements and scales. Moreover, further study is needed to identify effective interventions to reduce internalized stigma and secondary stigma among HCWs. It is also worth noting that this review did not address health professionals in pre-service training. Hence, knowledge building interventions or curriculum-based stigma reduction interventions have been missed in this review.
Conclusions
Implications for practice
Moderate quality evidence indicates that training popular opinion leaders is effective in reducing HCWs' avoidance intent and prejudicial attitude towards PLHIV and improving compliance to universal precaution. Very low quality evidence indicates that interventions addressing both fear-based stigma and social stigma are more effective in reducing fear-based stigma and the practice extra-precautions when treating HIV positive patients, when compared to interventions addressing only fear-based stigma. Very low quality evidence indicates that the following are effective in reducing stigma-related outcomes: a) professionally-assisted peer group interventions, b) modular interactive training and discussions, c) participatory self-guided assessment and interventions, d) contact strategy with information giving and empowerment, e) workshops comprising didactic lectures. When utilizing the evidence from the current review in policy making and in practice, it is vital to consider the quality of evidence supporting the findings and the limitations of the primary studies reported.
Implications for research
Further RCTs are needed to provide evidence that guides interventions to reduce HIV-related stigma and discrimination in healthcare settings. Future trials need to use up-to-date instruments to measure stigma and discrimination. Studies are needed to address internalized stigma and secondary stigma among healthcare providers. Further attempts should be made to standardize measures for HIV-related stigma and discrimination. 
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